Introduction {#sec1-1}
============

Propofol is an intravenous sedative hypnotic agent which is used for both induction as well as maintenance of general anesthesia. The pharmacokinetics of propofol has been evaluated extensively in the west in different patient groups after either bolus doses or continuous infusions.\[[@ref1]--[@ref7]\] And presently, there are multiple models available based on that data.\[[@ref2]--[@ref4]\] So far, the pharmacokinetics of propofol has not been studied in the Indian population. Ethnicity can be major factor in pharmacokinetics and dynamics of drugs including sedatives.\[[@ref8]--[@ref11]\] With this background, we planned to evaluate pharmacokinetics of propofol in adult Indian patients which will help in better management of these patients undergoing surgery using propofol infusion in total intravenous anesthesia.

Materials and Methods {#sec1-2}
=====================

After approval from the Institutional Ethics Committee and written informed consent, 30 ASA grade 1 18 -- to 55-year-old Indian patients were included. All patients underwent surgeries (laparoscopic cholecystectomy, hernioplasty, hysterectomy, septopolasty, and parotidectomy) requiring general anesthesia for less than two hours and expected blood loss of less than 10% of total blood volume. Patients with hepatitis, HIV infection, hepatic, renal, hematological, and cardiovascular diseases were excluded from the study. No pregnant patient and no patient with history of smoking or alcohol intake were included in the study. Patients were premedicated with Tab Diazepam 5 mg night before as well as 2 hours before induction. Before induction of anesthesia, two large bore intravenous lines were secured, one each in the antecubital vein and vein on dorsum of the contralateral hand. The antecubital vein was used for blood sampling. Morphine 0.12 mg/kg was injected 5 minutes before starting propofol injection. The elimination half life of morphine and morphine 3 glucuronide which is an active metabolite of morphine are 114 minutes and 173 minutes, respectively. As the cases included in this study were of less than 2-hour duration, we did not repeat morphine or give any other opioid during maintenance of anesthesia.

Injection Lignocaine 2% 1 ml was injected in the iv line followed by injection Propofol 2 mg/kg over a period of 15 seconds in the same line to induce anesthesia. Anesthesia was maintained with isoflurane, oxygen (40%) and nitrous oxide (60%), and intermittent dosages of vecuronium. Isoflurane was titrated to Bispectral index monitoring valueof 50 (Aspect medical systems Inc. Norwod, MA). On completion of surgery, inhalational anesthetics were discontinued.

Blood Sampling {#sec1-3}
==============

Venous blood samples (3 ml) were obtained before and at 2, 4, 6, 10, 20, 30, 60, 90, 120, 240, 480, 720, and 1440 minutes after administration of propofol. Time 0 was taken as the time just before propofol administration. A total of 14 samples were collected from each patient. All samples were collected in heparinized tubes and after thorough mixing, centrifuged at 3 000 rpm for 10 minutes. The supernatant was stored at -- 20°C till the time of analysis. The samples were analyzed using a modified High Performance Liquid Chromatography method described by Pavan and Buglione.\[[@ref12]\] (Appendix 1). Pharmacokinetic analysis of each dataset was performed by using nonlinear regression program WINNONLIN (version 5.2) (Pharsight Cooperation, California). The correlation of various derived parameters with demographic data like age, weight, height, body surface area, and sex was also quantitated. Inter-group analysis was performed using the unpaired 't' test. Pearson coefficient was calculated by using regression equation and all statistical analyses were performed using SPSS version 15.0 for Windows and a *P* value\<0.05 was considered to be significant.

Results {#sec1-4}
=======

Twenty-six of the 30 patients enrolled in the study completed the study uneventfully. Data of four patients were not analyzed as the sampling protocol was disturbed due to sampling line problem or unanticipated excessive blood loss.

The demographic details of the patients are shown in [Table 1](#T1){ref-type="table"}.

###### 

Demographic data (mean ± Std)

![](IJPharm-44-402-g001)

Propofol blood concentration declined rapidly after the bolus in all patients following which the smooth decline continued \[[Figure 1](#F1){ref-type="fig"}\].

![Plasma propofol concentration *vs* time in minutes](IJPharm-44-402-g002){#F1}

The blood concentration of propofol at any time after administration was best fitted for the patients in this study by a triexponential equation of the form:

C~p~(t) = Ae^--αt^ + Be^--βt^ + Ce^--γt^

Where, Cp (t) is the plasma concentration at time 't' and A, B, and C are the coefficients describing the relative contributions of each exponential term and a, b, and g are the hybrid rate constants corresponding to the rapid distribution half life, the slow distribution half life, and the elimination half life, respectively. The coefficients or intercepts in the triexponential equation describe the extent of contribution of each half life to the decay of plasma concentration following a bolus dose. [Table 2](#T2){ref-type="table"} shows fractional coefficients, such that A + B + C=100%. Initial distribution lowers the concentration by 80%, slower distribution and elimination contribute 15.2% and 4.2%, respectively. The individual constants, exponents, and the derived pharmacokinetic variables are shown in [Table 2](#T2){ref-type="table"}. Initial volume of distribution (V1) clearance (Cl) and steady state volume of distribution (Vd~ss~) was 13.5 ± 3.3 l, 1.08 ± 0.42 l/ min, and 77.69 ± 48.0 l, respectively, in these young healthy Indian patients.

###### 

Pharmacokinetic parameters using single bolus dose of propofol
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[Table 3](#T3){ref-type="table"} shows the correlation of V1 and Cl with demographic data. The coefficient of correlation between weight and V~1~ and Cl was 0.842 and 0.578, respectively. Multiple regressions of these parameters with patient demographic variables showed that though weight, height, and BSA showed significant relationship with initial volume of distribution, weight best described the V~1~ and Cl regression equation. Addition of other variables did not improve this relation.

###### 

Shows the correlation of V1 and Cl with demographic data
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Discussion {#sec1-5}
==========

Our study describes the disposition of propofol in a group of ASA 1 adult Indian patients scheduled for elective surgical procedures.

The pharmacokinetics of propofol can be explained by the three-compartment model \[[Figure 2](#F2){ref-type="fig"}\] comprising of three exponential functions (C~p~(t) = Ae^--αt^ + Be^--βt^ + Ce^--γt^)

![Phases of three compartment model](IJPharm-44-402-g005){#F2}

The three phases of the tri-exponential curve are early mixing and distribution to all tissues along with elimination. This is followed by distribution to the slowly equilibrating tissues along with drug elimination. Finally, in the terminal phase is the terminal elimination phase. The slopes of these three phases of plasma decay curve are inversely proportional to the half lives, whereas intercepts or the coefficients represent the amount that each half life contributes to the decrease in concentration following bolus dose.

The initial rapid distribution volume (V1) which contribute to 80% of plasma level disposition in all the studies has also similar half life (T 1/2 a) as shown in [Table 4](#T4){ref-type="table"}. Though the slower distribution as well as terminal elimination half lives were relatively quicker in our data, this contribute to less than 20% of the plasma level decay. The pharmacokinetic data for the patients show that the clearance was low (mean 1.08 l/ min). T1/2 g (min) was prolonged (70.9 min), indicating a high equilibrium volume of distribution estimate. The initial volume of distribution or volume of central compartment, i.e., V1 (0.214 l/kg) as well as rapidly equilibrating compartment volume, i.e., V2 (0.403 l/ kg) were comparable with that of Marsh model (0.228 l/kg and 0.463 l/kg, respectively)\[[@ref2]\] though much lower than other western studies \[[Table 4](#T4){ref-type="table"}\]. The mean volume of distribution at steady state though large (77.7 l or 1.2 l/kg) is much lower than that of Marsh model\[[@ref2]\] (287 l). Data suggest that after a rapid injection of single dose of propofol, the drug was rapidly cleared from the body, but a small proportion remained in tissue (presumably lipid) and was eliminated much more slowly. The elimination of propofol during the third exponential phase is constrained by its slow return from the deep to the central compartment. The elimination during the second exponential phase is probably dominated by the unconstrained metabolic clearance of propofol along with distribution to slower compartment. Compared with earlier studies, we found the third exponential phase half life to be relatively shortened (70.9 min compared with 184-674 min), whereas the half lives for the first two phases were broadly similar.\[[@ref1][@ref2][@ref6][@ref7]\] This may not result in any difference in clinical recovery because of relatively smaller contribution of the same (\<5%) to ultimate fall in plasma concentration.

###### 

Comparison of pharmacokinetic parameters between different studies
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In general, changes in the rate processes governing the clearance of an anesthetic drug from blood could result from competitive metabolism, induction or inhibition of metabolism, or an alteration of blood flow to organs playing a significant role in the clearance of the drug. Changes in distribution volume could result from change in volume of highly perfused tissues or reduced perfusion of these tissues due to low cardiac output and also due to displacement of drug from tissue binding sites. Therefore, this study was carried out in ASA 1 patients undergoing routine operations with a standardized treatment regimen. Though V1 and Cl values may show difference from other studies but the proportional contribution of A coefficient as well as the half life of this initial phase appears similar \[[Table 4](#T4){ref-type="table"}\], indicating that the routine PK variables like V1 and Cl may not give a real picture of clinical significance.

Following induction with Propofol and opioid, patients were maintained with Isoflurane. For drugs with flow-dependent clearance such as propofol, changes in hepatic blood flow can cause proportional changes in clearance. Significantly lower V1 and Cl in the present study \[[Table 4](#T4){ref-type="table"}\] as compared with earlier bolus studies\[[@ref1][@ref6][@ref7]\] can probably be attributed to relatively lower cardiac output due to opioid administration prior to induction\[[@ref13]--[@ref15]\] as well as adequate depth of anesthesia using isoflurane and BIS monitoring.

Initial volume of distribution (V1) seemed to have no relationship with age (*r*=0.227) or sex (0.052) \[[Table 3](#T3){ref-type="table"}\] in the age range of patients studied (18-60 years). Similarly, no relationship was found between these patient variables and systemic clearance (Cl) (except for the r of 0.4 with P value of 0.03 for its relation with age). This has been demonstrated in previous pharmacokinetic studies also. While evaluating Marsh model, White and Kenny found that the clearance and V1 of propofol in male patients changed little with age, though they found higher initial value in female patients which decreased progressively with age. Similar to our data, they also found lower propofol dosages for induction in young patients of both sexes as compared with Marsh model.\[[@ref16]\] However, with respect to other demographic characteristics, a significant correlation existed between weight and V1 (r=0.842), height and V1 (r=0.593), and body surface area and V1 (r=0.831) (*P*\< 0.05). Similarly, significant correlation showed in between weight and clearance (r=0.578) and body surface area and clearance (r=0.557) (*P*\< 0.05).Unlike our and most other studies,\[[@ref2][@ref17]\] Kay *et al*.\[[@ref1]\] did not demonstrate any significant correlation between weight (55-95 kg) and V1. This study shows that weight was found to correlate best to volume of distribution (r=0.842); the correlation constant of height with volume of distribution was found to be r=0.53. This shows that weight correlates better than height with volume of distribution, i.e., pharmacokinetics of propofol.

This study has certain limitations. To begin with, all patients were administered morphine prior to induction of anesthesia. It has been a well-known fact that the dose of propofol required to achieve a given depth of anesthesia is smaller in patients pretreated with opioids.\[[@ref14]\] The net rate of clearance of propofol is also reduced in these patients. This may be responsible for low clearance as compared with earlier studies. Though this may contaminate the fundamental pharmacokinetic values of propofol, the clinical scenario of the present study mimics the practical situations. Hence, these derived values may have more clinical relevance and the model derived from this may be better suited to clinical situation.

We used venous samples because for research purposes, it is convenient and less traumatic, arterial puncture is avoided where possible because of increased morbidity compared with venepuncture. Major *et al*.\[[@ref18]\] found that there was no significant difference between arterial, central venous, and peripheral venous concentrations of propofol at sampling time beyond one minute.

To summarize, propofol in Indian population has lower initial volume of distribution and lower clearance than most of the western studies. This may be responsible for lower propofol dosages in clinical practice. We found that weight was the only factor that significantly affects the pharmacokinetics of propofol in the 18 -- to 60-year age group, though the findings of the present study may not apply to patients at the extreme ends of the spectrum. Nevertheless, these pharmacokinetic parameters need to be validated prospectively after targeting the plasma concentration. We have calculated pharmacokinetic parameters using these parameters and we will develop a pharmacokinetic model and validate our findings in further studies. This is a basic study of pharmacokinetics of propofol in Indian subjects; till now, no study has evaluated pharmacokinetics of propofol in Indian population.

Appendix 1 {#sec1-6}
==========

High Performance Liquid Chromatography method for plasma sample analysis:\[[@ref12] \[[Table 5](#T5){ref-type="table"}\].

###### 

The data for calibration graph of propofol concentration *vs* HPLC area
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Plasma samples were analyzed using a modified High Performance Liquid Chromatography

(HPLC) method described by Pavan and Buglione.\[[@ref12]\]

67 ml of acetonitrile was mixed with 33 ml of perchloric acid to make 100 ml of solution. Solution of dibutyl phthalate of 200 μL was mixed with the 100 ml of above mixed solution. 500 μl of above solution was mixed with 500 μl of plasma and this solution was vortexed for 10 minutes and then centrifuged at 10 000 rpm for 10 minutes, after centrifugation, 20 μl supernatant was collected for injection into column.

Linearity was validated by measuring area responses at the concentration range of 0.001 to 12 μg/ml. Two separate stock solutions were prepared, the same serial dilutions were made, and each sample was injected in duplicate. A linear regression analysis was performed.

The calibration curve was found to be linear in the range 0.001 to 12 μg/ml \[[Figure 3](#F3){ref-type="fig"}\].

![Calibration curve of propofol against different known concentration](IJPharm-44-402-g008){#F3}

And, the equation was (y=438.7× + 20.44)

Y=Area

X=concentration

R^2^=0.999

The minimum detectable concentration of the analyte (is the smallest concentration that can be detected reliably) and the Limit of detection is related to both the signal and the noise of the system as usually is defined as whose signal to noise ratio S/N ratio is at least 3 to 1. The minimum quantifiable amount often known as the limit of quantification is the concentration that can be quantitated reliably with specific level of accuracy and precision. The limit of detection was found to be 0.0001 μg/ml while limit of quantification was found to be 0.001 μg/ml as evident from the calibration curve.

HPLC variables used in this method

Column: 250 × 4.6 10 um Spherisorb C 18

Mobile phase: MeCN: water: acetic acid 67:33:0.04, pH 4.0

Flow rate---1.5 ml/min

Injection volume--20 μl

Retention time-13 minutes

Detector: UV 270 nanometer

CHROMATOGRAM:

Limit of detection: 0.0001 μg/ml

Internal standard: dibutyl phthalate

External standard: propofol
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